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© A communication system in which a plurality of 
multipoint connected satellite stations are connected 
via a down line and an up line to a master station. 
Each of the satellite stations monitors presence or 
absence of occurrence of an abnormality in the 
down line, judges whether the abnormality is present 
or not and, where the abnormality is present, informs 
the master station of the nature of the abnormality 
via the up line. In turn, the master station monitors 
presence or absence of an alarm indicating ab- 
normality from each of the satellite stations, judges 
whether the alarm is detected or not and, where the 
alarm is detected, reads past record information 
concerning abnormality detection in the satellite sta- 
tion concerned and information on retraining execu- 
tion time, then judges whether the down line is 
normal or not and, where the down line is normal, 
sends a training signal again to the down line to 
retrain a MODEM corresponding to the satellite sta- 
tion concerned. Accordingly, it is possible to quickly 
restore demodulation processing by each of the sat- 
ellite stations to a respective normal status after a 
recovery of trouble in a down line. 
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MULTIPOINT CONNECTED COMMUNICATION SYSTEM HAVING FUNCTION OF RETRAINING MODEMS 
PROVIDED THEREIN AND METHOD OF RETRAINING THE MODEMS 



BACKGROUND OF THE INVENTION 



1 . Field of the Invention 

The present invention relates to a system in 
which a plurality of multipoint connected satellite 
stations are connected via a down line and an up 
line to a master station. More particularly, it relates 
to a technique of retraining a modulator and de- 
modulator (MODEM) provided in each of the sat- 
ellite stations. 



2. Description of the Related Art 

In a multipoint connected communication sys- 
tem, a plurality of MODEMs provided in satellite 
stations (hereinafter referred to as a satellite station 
MODEM) are multipoint connected via a down line 
and an up line to a MODEM provided in a master 
station (hereinafter referred to as a master station 
MODEM). Access to terminal equipment provided 
at each satellite station is carried out according to a 
polling procedure from a host computer provided in 
the master station and, in turn, data from the termi- 
nal equipment to which access is carried out is 
modulated in the corresponding satellite station and 
sent to the master station. 

In this communication operation, once the mas- 
ter station starts sending the polling date, a de- 
modulation unit in the satellite station MODEM, 
which receives the polling date via the down line, is 
brought to a status of normally receiving data (data 
normally-receiving status). This is because the sat- 
ellite station MODEM per se is not conscious of the 
kind of data being received, i.e., it cannot discrimi- 
nate user data such as the polling data. In this 
regard, the master station sends a training signal to 
each of the satellite station MODEMs prior to the 
sending of the polling data. Upon receipt of the 
training signal, each satellite station MODEM initial- 
izes an automatic gain controller (AGC), an auto- 
matic equalizer (AEQ), an automatic carrier phase 
controller (CAPC), and the like, provided in the 
corresponding demodulation unit. After the initial- 
ization, the satellite station MODEM receives and 
demodulates user data such as the polling data. 

However, where a line trouble or abnormality 
due to instantaneous breaking or the like occurs in 
the down line, seen from the demodulation unit in 
the satellite station MODEM, through which data 
communication is normally carried out, a disadvan- 
tage arises in that operation parameters of the 



AGC, AEQ, CAPC, and the like, in the satellite 
station MODEM are changed to abnormal values. 
As a result of the disadvantage, it takes long time 
to restore demodulation processing or operation by 

5 the satellite station MODEM to its normal status 
after the trouble concerned is recovered. 

In this regard, a technique is strongly demand- 
ed in which, even if a trouble occurs in the down 
line, the demodulation processing by the satellite 

10 station MODEM can be quickly restored to its 
normal status after recovery of the trouble. 



SUMMARY OF THE INVENTION 

T5 

An object of the present invention is to provide 
a multipoint connected communication system 
which can quickly restore demodulation processing 
by each of satellite station MODEMs to a respec- 
20 tive normal status after a recovery of trouble in a 
down line. 

According to one aspect of the present inven- 
tion, there is provided a communication system in 
which a plurality of multipoint connected satellite 

25 stations are connected via a down line and an up 
line to a master station, the master station including 
a first MODEM unit for modulating user data and 
various control information to transmit the modu- 
lated data by means of different channels of the 

30 down line and demodulating user data and various 
control information from modulation signals re- 
ceived in different channels of the up line, and 
each of the satellite stations including a second 
MODEM unit for demodulating user data and var- 

35 ious control information from modulation signals 
received in the different channels of the down line, 
and modulating user data and various control in- 
formation to transmit the modulated data by means 
of the different channels of the up line, wherein 

40 each satellite station comprises an abnormality de- 
tecting unit, operatively connected to the second 
MODEM unit, for controlling the second MODEM 
unit to request the master station to re-send a 
training signal when the abnormality detecting unit 

45 detects an abnormality from the quality of a signal 
received at the second MODEM unit, and the mas- 
ter station comprises a retraining command unit, 
operatively connected to the first MODEM unit, for 
commanding the first MODEM unit to send the 

so training signal when the first MODEM unit receives 
a signal indicating the request for re-sending of the 
training signal from any one of the satellite stations. 

The master station system may further com- 
prise a storing unit for storing past record informa- 
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1 . Field of the Invention 

The present invention relates to a system in 
which a plurality of multipoint connected satellite 
stations are connected via a down line and an up 
line to a master station. More particularly, it relates 
to a technique of retraining a modulator and de- 
modulator (MODEM) provided in each of the sat- 
ellite stations. 



2. Description of the Related Art 

In a multipoint connected communication sys- 
tem, a plurality of MODEMS provided in satellite 
stations (hereinafter referred to as a satellite station 
MODEM) are multipoint connected via a down line 
and an up line to a MODEM provided in a master 
station (hereinafter referred to as a master station 
MODEM). Access to terminal equipment provided 
at each satellite station is carried out according to a 
polling procedure from a host computer provided in 
the master station and, in turn, data from the termi- 
nal equipment to which access is carried out is 
modulated in the corresponding satellite station and 
sent to the master station. 

In this communication operation, once the mas- 
ter station starts sending the polling date, a de- 
modulation unit in the satellite station MODEM, 
which receives the polling date via the down line, is 
brought to a status of normally receiving data (data 
normally-receiving status). This is because the sat- 
ellite station MODEM per se is not conscious of the 
kind of data being received, i.e., it cannot discrimi- 
nate user data such as the polling data. In this 
regard, the master station sends a training signal to 
each of the satellite station MODEMS prior to the 
sending of the polling data. Upon receipt of the 
training signal, each satellite station MODEM initial- 
izes an automatic gain controller (AGC), an auto- 
matic equalizer (AEG), an automatic carrier phase 
controller (CAPC), and the like, provided in the 
corresponding demodulation unit. After the initial- 
ization, the satellite station MODEM receives and 
demodulates user data such as the polling data. 

However, where a line trouble or abnormality 
due to instantaneous breaking or the like occurs in 
the down line, seen from the demodulation unit in 
the satellite station MODEM, through which data 
communication is normally carried out, a disadvan- 
tage arises in that operation parameters of the 



AGC, AEQ, CAPC, and the like, in the satellite 
station MODEM are changed to abnormal values. 
As a result of the disadvantage, it takes long time 
to restore demodulation processing or operation by 

5 the satellite station MODEM to its normal status 
after the trouble concerned is recovered. 

in this regard, a technique is strongly demand- 
ed in which, even if a trouble occurs in the down 
line, the demodulation processing by the satellite 

w station MODEM can be quickly restored to its 
normal status after recovery of the trouble. 



SUMMARY OF THE INVENTION 

75 

An object of the present invention is to provide 
a multipoint connected communication system 
which can quickly restore demodulation processing 
by each of satellite station MODEMS to a respec- 
20 tive normal status after a recovery of trouble in a 
down line. 

According to one aspect of the present inven- 
tion, there is provided a communication system in 
which a plurality of multipoint connected satellite 

25 stations are connected via a down line and an up 
line to a master station, the master station including 
a first MODEM unit for modulating user data and 
various control Information to transmit the modu- 
lated data by means of different channels of the 

30 down line and demodulating user data and various 
control information from modulation signals re- 
ceived in different channels of the up line, and 
each of the satellite stations including a second 
MODEM unit for demodulating user data and var- 

35 ious control information from modulation signals 
received in the different channels of the down line, 
and modulating user data and various control in- 
formation to transmit the modulated data by means 
of the different channels of the up line, wherein 

40 each satellite station comprises an abnormality de- 
tecting unit, operativeiy connected to the second 
MODEM unit, for controlling the second MODEM 
unit to request the master station to re-send a 
training signal when the abnormality detecting unit 

45 detects an abnormality from the quality of a signal 
received at the second MODEM unit, and the mas- 
ter station comprises a retraining command unit, 
operativeiy connected to the first MODEM unit, for 
commanding the first MODEM unit to send the 

so training signal when the first MODEM unit receives 
a signal indicating the request for re-sending of the 
training signal from any one of the satellite stations. 

The master station system may further com- 
prise a storing unit for storing past record informa- 
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tion concerning abnormality detection in the sat- 
ellite stations and information on execution time of 
the retraining, obtained through the first MODEM 
unit, whereby the retraining command unit refers to 
the storing unit upon receipt of a new request for 
retraining and, based on the past record informa- 
tion on retraining, determines whether it should 
command the new retraining or not 

Also, the retraining command unit may com- 
prise a unit for disregarding the request for re- 
training where another retraining is requested be- 
fore the time required for a previous retraining 
elapses, or where the master station receives a 
plurality of requests for the retraining from an iden- 
tical satellite station. 

Also, according to another aspect of the 
present invention, there is provided a method of 
retraining a MODEM provided in each of a plurality 
of multipoint connected satellite stations which are 
connected via a down line and an up line to a 
master station Including a storing unit, the method 
comprising the steps of: in each of the satellite 
stations, monitoring presence or absence of occur- 
rence of abnormality in the down line; judging 
whether the abnormality is present or not; and, 
where the abnormality is present, informing the 
master station of a content of the abnormality via 
the up line; and, in the master station, monitoring 
presence or absence of an alarm indicating ab- 
normality from each of the satellite stations; judging 
whether the alarm is detected or not; where the 
alarm is detected, reading past record Information 
concerning abnormality detection in the satellite 
station concerned and information on retraining ex- 
ecution time from the storing unit; judging whether 
the down line is normal or not; and, where the 
down line is normal, sending a training signal again 
to the down line to retrain a MODEM correspond- 
ing to the satellite station concerned. 



BRIEF DESCRIPTION OF THE DRAWINGS 

Other objects and features of the present in- 
vention wili be described hereinafter in detail by 
way of preferred embodiments with reference to 
the accompanying drawings, in which: 

Fig. 1 is a block diagram illustrating a constitu- 
tion of a typical multipoint connected commu- 
nication system; 

Fig. 2 is a block diagram illustrating the fun- 
damental constitution of the multipoint connect- 
ed communication system according to the 
present invention; 

Fig. 3 is a biock diagram illustrating a constitu- 
tion of the master station MODEM according to 
an embodiment of the present invention; 
Fig. 4 is an explanatory diagram of the allocation 



of frequencies to the main channel and sub- 
channel; 

Fig. 5 is a block diagram illustrating a constitu- 
tion of the satellite station MODEM according to 

5 an embodiment of the present invention; 

Fig. 6 is a circuit diagram illustrating a constitu- 
tion of the main parts (302, 18) shown in Fig. 5; 
Fig. 7 is a timing chart for explaining the re- 
training operation in the system of the present 

10 invention; and 

Figs. 8A and 8B are flow charts representing the 
operations of the MODEMS shown in Figs. 3 and 

75 

DESCRIPTION OF THE PREFERRED EMBODI- 
MENTS 

For a better understanding of the preferred 
20 embodiment according to the present invention, the 
problems in the prior art will be explained with 
reference to Fig. 1. 

Figure 1 illustrates a constitution of a typical 
multipoint connected communication system. 
25 In the illustration, reference 10A denotes a 
master station MODEM and references 12A-1 to 
12A-3 denote satellite station MODEMs connected 
in multipoint connection and connected via a down 
line 100 and an up line 200. The master station 
30 MODEM 10A transmits a polling modulation signal 
via the down line 100 to the satellite station 
MODEMs 12A-1 to 12A-3 in accordance with a 
predetermined polling procedure from a host com- 
puter 38. 

35 The polling modulation signal transmitted from 
the master station MODEM 10A is demodulated by 
the satellite station MODEMs 12A-1 to 12A-3 and 
then sent to the corresponding terminal equipments 
36-1 to 36-3, and any one of the terminal equip- 

40 ments which has identified access to itself outputs 
a response data. For example, assuming that the 
terminal equipment 36-1 outputs the response data. 
In this case, the corresponding satellite station 
MODEM 12A-1 modulates the response data to 

46 transmit the modulated data via the up line 200 to 
the master station MODEM 10A and, in turn, the 
master station MODEM 10A demodulates the mod- 
ulated data and outputs the demodulated data to 
the host computer 38. 

so In the above operation, when the master station 
MODEM 10A starts the polling operation for the 
satellite station MODEMS 12A-1 to 12A-3, the for- 
mer first transmits a training signal to the latter. 
Upon receipt of the training signal, each of the 

55 satellite station MODEMs 12A-1 to 12A-3 initializes 
circuits such as AGC, AEQ, CAPC, and the like, 
which are provided in the corresponding demodula- 
tion unit (not shown) and, in combination, have a 
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function of correcting deterioration of the lines. By 
this initialization, the circuits set their operation 
parameters to values which are adapted to factors 
of the line deterioration and set differently in dif- 
ferent satellite stations. After the setting of the 
operation parameters, the master station MODEM 
10A sends polling data to the satellite station 
MODEMS 12A-1 to 12A-3. 

On the other hand, when each of the satellite 
station MODEMS 12A-1 to 12A-3 sends data in 
response to the polling data to the master station 
MODEM 10A, each satellite station MODEM first 
sends a training signal to initialize a demodulation 
unit in the master station MODEM and then modu- 
lates the response data to send the modulated data 
to the master station MODEM. 

In the above multipoint connected communica- 
tion system, where a line trouble due to instanta- 
neous breaking or the like occurs in the down line 
100 through which the modulated signal such as 
the polling data from the master station MODEM 
10A is normally transmitted, each demodulation 
unit in the satellite station MODEMS 12A-1 to 12A-3 
controls the respective operation parameters to 
correct factors of the deterioration caused by the 
line trouble. 

However, the ability of each MODEM to correct 
the factors of the line deterioration is limited and 
thus it is very difficult to completely remove the 
line trouble even if the operation parameters are 
controlled. As a result, each of the operation pa- 
rameters in the demodulation units is changed to 
an abnormal value which is out of the range of 
acceptability. 

Accordingly, when the line trouble concerned is 
recovered, the demodulation unit in the respective 
satellite station MODEM is in an abnormal opera- 
tion status, and employs data received after the 
recovery and carries out the initializing operation to 
gradually restore its normal status. As for the initial- 
izing operation by means of the ordinary data, 
however, it takes longer time to restore the de- 
modulation processing to its normal status after the 
recovery of trouble, compared with that by means 
of the training signal. In particular, the higher the 
operation speed of the MODEM becomes, the 
longer the time required for recovery by means of 
the ordinary data becomes. 

Therefore, the prior art multipoint connected 
communication system has a drawback in that, 
after the trouble in the down line is recovered, it is 
impossible to re-start data communication quickly. 

Figure 2 illustrates the fundamental constitution 
of the multipoint connected communication system 
according to the present invention. 

In the illustrated system, a plurality of mul- 
tipoint connected satellite station MODEMS 12-1 to 
12-n are connected via a down line 100 and an up 



line 200 to a master station MODEM 10. The 
master station MODEM 10 includes a main modu- 
lation unit 14 for modulating user data to transmit 
the modulated data at a relatively high speed by 

5 means of a main channel of the down line 100, a 
sub-modulation unit 16 for modulating various con- 
trol information to transmit the modulated data at a 
relatively low speed by means of a sub-channel of 
the down line 100, a main demodulation unit 26 for 

ro demodulating user data from a modulation signal 
received in a main channel of the up line 200, and 
a sub-demodulation unit 28 for demodulating var- 
ious control information from a modulation signal 
received in a sub-channel of the up line 200. On 

15 the other hand, each of the satellite station 
MODEMS 12-1 to 12-n Includes a main demodula- 
tion unit 18 for demodulating user data from a 
modulation signal received in the main channel of 
the down line 100, a sub-demodulation unit 20 for 

20 demodulating various control information from a 
modulation signal received in the sub-channel of 
the down line 100, a main modulation unit 22 for 
modulating user data to transmit the modulated 
data at a relatively high speed by means of the 

25 main channel of the up line 200, and a sub-modula- 
tion unit 24 for modulating various control informa- 
tion to transmit the modulated data at a relatively 
low speed by means of the sub-channel of the up 
line 200. 

30 Furthermore, each of the satellite station 
MODEMS 12-1 to 12-n includes an abnormality 
detecting unit 30, operatively connected to the 
main demodulation unit 18, for controlling the sub- 
modulation unit 24 to request the master station 

35 MODEM 10 to re-send a training signal when the 
abnormality detecting unit 30 detects an abnormal- 
ity from the quality of a signal received at the main 
demodulation unit 18. On the other hand, the mas- 
ter station MODEM 10 includes a storing unit 34 for 

40 storing past record information concerning abnor- 
mality detection in the satellite stations and in- 
formation on execution time of the retraining, ob- 
tained through the sub-demodulation unit 28, and a 
retraining command unit 32, operatively connected 

45 to the sub-demodulation unit 28, for referring to the 
storing unit 34 and commanding the main modula- 
tion unit 14 to send the training signal when the 
sub-demodulation unit 28 receives a signal indicat- 
ing the request for re-sending of the training signal 

so from any one of the satellite station MODEMS 12-1 
to 12-n. 

Furthermore, a host computer 38 is connected 
to the main modulation unit 14 and main demodu- 
lation unit 26, and each of a plurality of terminal 
55 equipments 36-1 to 36-n is connected to the main 
demodulation unit 18 and main modulation unit 22 
in the corresponding satellite station MODEM 12-1 
to 12-n ( respectively. 



5 



EP 0 409 641 A2 



Figure 3 illustrates a constitution of the master 
station MODEM 10 as an embodiment of the 
present invention. In the illustration, the same re- 
ferences as those used in Rg. 2 indicate like 
constituent elements and thus the explanation 
thereof is omitted. 

Referring to Rg. 3, a mixer 40 is provided 
between the down line 100 and the main modula- 
tion unit 14 and sub-modulation unit 16. In the 
present embodiment, the down line 100 is con- 
stituted such that, as shown in Rg. 4, a main 
channel used for high speed transmission of a 
modulation signal of user data is allocated to the 
higher frequency region of the transmission fre- 
quency band of 0.3 to 3.4 [kHz] and a sub-channel 
used for low speed transmission of various control 
information between MODEMs is allocated to the 
lower frequency region thereof. For example, the 
transmission speed in the main channel is 9,600 
bits per second [bps], while that in the sub-channel 
is 75 [bps]. 

The main modulation unit 14 receives user 
data, i.e., polling data via a host interface 44 from 
the host computer 38, divides the polling data into 
bit . data corresponding to one modulation corre- 
sponding to the modulation speed of 9,600 [bps], 
and translates the divided data into signal point 
coordinates on a complex plane by means of a 
mapping circuit or the like. The unit 14 then 
amplitude-modulates real components and imagi- 
nary components with respect to cos at and sin «t, 
respectively, and synthesizes the real and imagi- 
nary components to output to the mixer 40. 

The modulating function of the sub-modulation 
unit 16 is basically the same as that of the main 
modulation unit 14. The sub-modulation unit 16 
modulates various control information data between 
MODEMs and then synthesizes real and imaginary 
components to output to the mixer 40. 

The mixer 40 mixes a modulation signal of the 
main channel output from the main modulation unit 
14 with a modulation signal of the sub-channel 
output from the sub-modulation unit 16, and sends 
the mixed output to the down line 100. 

A separation filter 42 is provided between the 
up line 200 and the main demodulation unit 26 and 
sub-demodulation unit 28. The separation filter 42 
separates a modulation signal transmitted via the 
up line 200 from one of the satellite station 
MODEMs into modulation signals of the main chan- 
nel and sub-channel, respectively (see Rg. 4). 

The main demodulation unit 26 demodulates 
an analog modulation signal of the main channel 
separated through the separation filter 42, converts 
the demodulated analog signal into a digital signal, 
inputs the demodulated digital signal to a digital 
signal processor [DSP] (not shown), and effects 
processing of correcting factors of deterioration in 



the lines. Concretely, the DSP is provided with a 
phase jitter removing circuit including AGO, AEQ, 
CAPC and a prediction filter (PRDF). Namely, the 
DSP keeps the receiving signal level constant by 

5 means of the AQC, removes interference compo- 
nents between signal signs by means of the AEQ, 
removes frequency offsets and phase errors by 
means of the CAPC, and removes phase jitter 
components by means of the PRDF. 

10 After the DSP provided in the main demodula- 
tion unit 26 completes the processing of correcting 
the factors of the line deterioration, a decision 
circuit (not shown) refers to a table data and de- 
cides a right signal point. The decided signal point 

75 coordinates are converted by means of a mapping 
circuit into rows of data bits corresponding to one 
modulation and, finally, rows of data bits corre- 
sponding to every modulation are sequentially 
linked and then output to the host interface 44. 

20 Namely, the user data obtained by the demodula- 
tion of the modulation signal transmitted via the up 
line 200 from one of the satellite station MODEMs 
is sent via the host interface 44 to the host com- 
puter 38. 

as The demodulating function of the sub-demodu- 
lation unit 28 is basically the same as that of the 
main demodulation unit 26. Namely, the sub-de- 
modulation unit 28 corrects the factors of the tine 
deterioration by means of the DSP from a modula- 

30 tion signal of the sub-channel separated through 
the separation filter 42 and then decides a right 
signal point. The decided signal point coordinates 
are converted by means of a mapping circuit into 
data of 2 bits corresponding to one modulation 

35 and, finally, data of 2 bits of every modulation are 
sequentially (inked and then output to the host 
interface 44. 

Also, the master station MODEM 10 is pro- 
vided with a control unit 320, which is connected to 

40 the sub-modulation unit 16 and sub-demodulation 
unit 28 and controls the units 16, 28 to transmit the 
various control information between the master sta- 
tion MODEM and satellite station MODEMs by way 
of the sub-channels of the down line 100 and the 

46 up line 200. 

Furthermore, the control unit 320 includes a 
retraining command unit, which commands the 
main modulation unit 14 to send a training signal 
when the sub-demodulation unit 28 receives a sig- 

so nal indicating a request for re-sending of the train- 
ing signal from the satellite station side. Also, a 
storing unit 34 Is operatively connected to the 
control unit 320 to store past record information 
concerning abnormality detection in the satellite 

55 station MODEMs and information on execution time 
of the retraining. 

Rgure 5 Illustrates a constitution of the satellite 
station MODEM 12-i as an embodiment of the 
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present invention. In the illustration, the same re- 
ferences as those used in Fig. 2 indicate like 
constituent elements and thus the explanation 
thereof is omitted. 

Referring to Fig. 5, a separation filter 46 is 
provided between the down line 100 and the main 
demodulation unit 18 and sub-demodulation unit 
20, and a monitor 302 is operatively connected to 
the main demodulation unit 18 and a control unit 
300 is operatively connected to the monitor 302 
and the MODEM unit (18.20.22,24). The monitor 
302 and control unit 300 correspond to the ab- 
normality detecting unit 30 shown in Fig. 2. Note, 
the separation filter 46 has the same function as 
that of the separation filter 42 in the master station 
MODEM 10 (see Fig. 3) and thus the explanation 
thereof is omitted. 

The monitor 302 forms a signal Indicating qual- 
ity of the receiving signal based on a decision error 
indication signal detected by a decision circuit (not 
shown in Fig. 5) provided in the main demodulation 
unit 18, and monitors the formed signal. When the 
level of the monitored signal falls below a predeter- 
mined threshold level, the monitor 302 outputs an 
abnormality detection signal. 

Figure 6 illustrates a circuit constitution of the 
main parts, i.e., the monitor 302 and part of the 
main demodulation unit 18, provided in the satellite 
station MODEM 12-i of Fig. 5. 

Referring to Fig. 6, the main demodulation unit 
18 is provided with an automatic equalizer (AEQ) 
52 for removing interference components between 
signs of the signal received through the down line 
100, an automatic carrier phase controller (CAPC) 
54 for removing frequency offsets and phase errors 
contained in an output of the AEQ 52, a decision 
circuit 56 for deciding a right signal point from an 
output of the CAPC 54, and a subtracter 58 for 
detecting a different between input and output sig- 
nals of the decision circuit 56. The decision circuit 
56 is constituted by a hard decision circuit which 
decides a right signal point based on table data, or 
a soft decision circuit employing a Viterbi decoding 
circuit which decides a right signal point based on 
a trellis coding in the transmitting equipment side, 
or by a combination of both of the decision circuits. 

An output signal of the subtracter 58 is 
hereinafter referred to as a decision error indication 
signal, which is fed back to the AEQ 52, and input 
to an integrator 60 in the monitor 302 and in- 
tegrated therein. The integrated decision error in- 
dication signal is input to each of comparators 62 
and 64 and compared with predetermined thresh- 
old levels ThO and Th1 , respectively. For example, 
assuming that an output of the integrator 60 is 
within a range of 0 to 1 .0, the threshold level ThO 
of the comparator 62 is set to, e.g., 0.5 and the 
threshold level Th1 of the comparator 64 is set to, 



e.g., 0.1 . Note, the nearer the output of the integra- 
tor 60 comes to 1.0, the better the quality of the 
receiving signal becomes. 

The comparator 62 outputs a detection signal 

s SQD of "H n level indicating a detection of lowering 
in the quality of the receiving signal when the level 
of the integrated decision error indication signal 
falls below the threshold level ThO (=0.5). On the 
other hand, the comparator 64 outputs an alarm 

w signal CJT of "H n level indicating occurrence of 
unrestorable trouble or abnormality when the level 
of the integrated decision error indicated signal 
falls below the threshold level Th1 (=0.1). 

Referring again to Fig. 5, when the abnormality 

is detection signal output from the monitor 302 is 
input to the control unit 300, the control unit 300 
judges that a line trouble due to instantaneous 
breaking or the like occurs in the down iine 100, 
and supplies the sub-modulation unit 24 with a 

20 retaining request signal consisting of an addresss 
of the corresponding satellite station and abnormal- 
ity occurrence indication data. 

A mixer 48 is provided between the up line 200 
and the main modulation unit 22 and sub-modula- 

25 tion unit 24. The mixer 48 has the same function as 
that of the mixer 40 in the master station MODEM 
10 (see Fig. 3) and thus the explanation thereof is 
omitted. Also, data terminal equipment 50 is pro- 
vided between the corresponding external terminal 

30 equipment 36-i and the main modulation unit 22 
and main demodulation unit 18. 

The terminal equipment 36-i forms response 
data based on discrimination of a polling call from 
the master station and feeds the response data via 

as the data terminal equipment 50 to the main modu- 
lation unit 22. The main modulation unit 22 modu- 
lates the response data and sends the modulated 
data via the mixer 48 to the up line 200. On the 
other hand, the sub-modulation unit 24 modulates 

40 the retraining request signal output from the control 
unit 300 by means of the sub-channel of the up 
line 200 and sends the modulated signal via the 
mixer 48 to the up line 200. 

Next, the retraining operation in the system of 

45 the present invention will be explained with refer- 
ence to the timing chart shown in Fig. 7. 

First, when power is supplied to the master 
station MODEM 10 and the satellite station 
MODEMS 12-1 to 12-n, the system is brought to its 

so setup status. At times t1 to t2, the main modulation 
unit 14 in the master station MODEM 10 transmits 
the training signal, i.e., the modulation signal of 
training data, via the down line 100 to the main 
demodulation unit 18 provided in each of the mul- 

55 tipoint connected satellite station MODEMS 12-1 to 
12-n. Upon receipt of the training signal, the cor- 
responding main demodulation unit 18 initializes 
the AEQ 52, CAPC 54 and decision circuit 56 
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therein (see Rg. 6) and brings them to a set status 
of operation parameters for correcting the factors of 
the line deterioration. 

When the sending of the training signal is 
compieted at time t2. the host computer 38 sup- 
plies the main modulation unit 14 in the master 
station MODEM 10 with polling data (down-stream 
message data) for access to the satellite stations 
according to the predetermined polling procedure. 
The main modulation unit 14 in turn sends the 
polling data (down-stream message data) to the 
down line 100. 

In the transmission status of the polling data 
(down-stream message data) from the master sta- 
tion MODEM 10, the monitor 302 in the satellite 
station MODEM 12-i (see Rg. 5) monitors presence 
or absence of occurrence of abnormality based on 
the decision error indication signal obtained from 
the main demodulation unit 18. 

In the monitoring status of the occurrence of 
abnormality, for example, assuming that the quality 
of the receiving signal in the main demodulation 
unit 18 is lowered due to instantaneous breaking in 
the down line 100 and, based on the detection 
signal SQD from the comparator 62 (see Rg. 6), 
the abnormality is detected at time t3. In this case, 
after the lapse of a predetermined time from the 
detection of abnormality, the control unit 300 sup- 
plies the sub-modulation unit 24 with the retraining 
request signal consisting of the address ADD of the 
corresponding satellite station and the abnormality 
occurrence indication data DATA. The sub-modula- 
tion unit 24 in turn informs the master station 
MODEM 10 of the retraining request. 

A signal indicating the retraining request, which 
is carried out by means of the sub-channel of the 
up line 200, is demodulated by the sub-demodula- 
tion unit 28 in the master station MODEM 10 at 
time t4 and then fed to the control unit 320. 

When the control unit 320 receives the re- 
training request signal consisting of the satellite 
station address ADD and the abnormality occur- 
rence indication data DATA from the satellite sta- 
tion side, it refers to the storing unit 34 based on 
the satellite station address ADD and reads the 
past record information concerning abnormality de- 
tection in the satellite station concerned and the 
information on the retraining execution time. 

Based on the read information, the control unit 
320 disregards the retraining request under certain 
conditions. One condition is when another retrain- 
ing is requested before the time required for the 
previous retraining elapses. Another condition is 
when the master station receives a plurality of 
requests for the retraining from an identical satellite 
station. In the latter case, the master station 
MODEM 10 can judge that the plurality of requests 
are due to trouble in the hardware of the satellite 



station MODEM concerned, or due to unrestorable 
trouble in the lines. 

Where the conditions for disregarding the re- 
training request are not found based on results of 

s the reference to the storing unit 34, the control unit 
320 controls the main modulation unit 14 to forcibly 
terminate the modulation of the host data at time 
t5. Then, at times t5 to t6. the retraining operation 
of sending the training signal again to the down line 

10 100 is carried out. 

When the retraining signal is transmitted from 
the master station MODEM 10 via the down line 
100 to each of the satellite station MODEMS 12-1 
to 12-n at times t5 to t6, the main demodulation 

is unit 18 in the satellite station MODEM which de- 
tected abnormality initializes the AEQ 52, CAPC 
54. and the like (see Rg. 6). As a result, even if the 
operation parameters are changed to abnormal val- 
ues due to the instantaneous breaking in the down 

20 line 100 and thus the main demodulation unit 18 is 
brought to an abnormal status, it is possible to 
quickly restore the demodulation processing to its 
normal status. When the sending of the retraining 
signal is compieted at time t6, the main demodula- 

25 tion unit 18 in the satellite station MODEM con- 
cerned carries out its normal demodulation opera- 
tion based on the polling data (down-stream mes- 
sage data) from the host computer 38. 

On the other hand, as for the other satellite 

30 station MODEMS which do not detect abnormality, 
the transmission of the polling data (down-stream 
message data) from the host computer 38 is tem- 
porarily interrupted during the sending of the re- 
training signal and thus the initialization by the 

35 retraining signal is forcibly carried out. Accordingly, 
it is possible to reduce the sending time of the 
retraining signal to a minimum and thus increase 
the efficiency of utilization of the system network. 
Also, the master station MODEM 10 can ana- 

40 lyze the statuses of the satellite station MODEMs 
12-1 to 12-n based on the retraining request from 
each MODEM. In this regard, it is possible to 
inform a network service processor [NSP] (not 
shown) provided on the side of the master station 

45 MODEM 10 of information on satellite stations in 
which abnormality occurs and the nature of the 
abnormality, and cause the NSP to analyze the 
information and then indicate the results. 

Finally, the retraining method of the present 

50 invention will be explained with reference to the 
flow charts shown in Rgs. 8A and 8B. Note, steps 
701 to 704 represent the processings in the sat- 
ellite station MODEM and steps 705 to 713 repre- 
sent the processings in the master station MODEM. 

55 At step 701, the monitor 302 monitors the 
status of the down line 100, i.e., presence or ab- 
sence of abnormality in the down line 100. At a 
next step 702, the monitor 302 judges whether the 
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abnormality is present (YES) or not (NO). If the 
result is YES, the control proceeds to step 703 
and, if the result is NO, the control returns to step 
701. At step 703. the control unit 300 informs the 
sub-modulation unit 24 of the contents of the ab- 
normality. At a next step 704, the sub-modulation 
unit 24 informs the master station MODEM 10 of 
the contents of the abnormality via the up line 200. 

At step 705, the sub-demodulation unit 28 
monitors an alarm from the satellite station 
MODEM or MODEMs. At a next step 706, the 
judgement of whether the alarm is detected (YES) 
or not (NO) is carried out. If the result is YES, the 
control proceeds to step 707 and, if the result is 
NO, the control returns to step 705. At step 707, 
the control unit 320 reads the past record informa- 
tion on line troubles and retraining operations from 
the storing unit 34. At a next step 708, the control 
unit 320 judges whether the satellite • station 
MODEM equipment concerned is normal (YES) or 
not (NO). If the result is YES, the control proceeds 
to step 709 and, if the result is NO, the control 
proceeds to step 711. At step 711, the control 
indicates "abnormality" of the satellite station 
MODEM equipment to the outside. After this step, 
the control comes to an "END". 

On the other hand, at step 709, the control unit 
320 judges whether the down line 100 is normal 
(YES) or not (NO). If the result is YES, the control 
proceeds to step 710, at which the retraining op- 
eration is carried out with aid of the control unit 320 
and main modulation unit 14. After this step, the 
control returns to step 705. On the other hand, if 
the result of step 709 is NO, the control proceeds 
to step 712. At step 712, the control analyzes 
contents of "abnormality" of the line and indicates 
the analyzed result to the outside. At a next step 
713, the control stores the analyzed result in the 
storing unit 34, After this step, the control returns to 
step 705. 

As explained above, according to the present 
embodiment, abnormality of a satellite station 
MODEM occurring due to trouble in the down line 
is immediately informed to the master station and, 
in turn, the training signal is transmitted again from 
the master station to the down line. Therefore, it 
becomes possible to quickly restore the satellite 
station MODEM concerned to its normal status 
after recovery of the trouble. This contributes to an 
increase in the efficiency of utilization of the sys- 
tem network. 

Also, since the recovery of the trouble is possi- 
ble by the retraining processing, it is possible to 
increase the transmission speed of the down- 
stream message data from 9,600 [bps], for exam- 
ple, to 19,200 [bps] at which a recovery is difficult 
in case of ordinary data communication. 

Also, since each of the satellite stations informs 



the master station of the retraining request by 
means of the sub-channel of the transmission line, 
an advantage is obtained in that ordinary data 
transmission using the main channel is not subject 

5 to influence by the retraining request. 

Furthermore, the master station which received 
the retraining request refers to the past record 
information con erning abnormality detection in the 
satellite stations and the information on the re- 

10 training execution time. In this case, where the 
master station has received a plurality of requests 
for retraining from an identical satellite station, it 
can judge that the requests are not due to the line 
trouble, but due to trouble in the hardware of the 

is satellite station MODEM. Therefore, it is possible to 
cancel the execution of unnecessary retrainings 
and thus minimize a lowering in the line efficiency 
due to retraining operations. 

Although the present invention has been dis- 

20 closed and described by way of one embodiment, 
it is apparent to those skilled in the art that other 
embodiments and modifications of the present in- 
vention are possible without departing from the 
spirit or essential features thereof. 

25 

Claims 

1. A communication system in which a plurality of 
30 multipoint connected satellite stations are connect- 
ed via a down line and an up line to a master 
station, 

the master station comprising a first MODEM unit 
for modulating user data and various control in- 

35 formation to transmit the modulated data by means 
of different channels of the down line, and de- 
modulating user data and various control informa- 
tion from modulation signals received in different 
channels of the up line and 

40 each of the satellite stations comprising a second 
MODEM unit for demodulating user data and var- 
ious control information from modulation signals 
received in the different channels of the down line, 
and modulating user data and various control in- 

45 formation to transmit the modulated data by means 
of the different channels of the up line, wherein 
each satellite station comprises an abnormality de- 
tecting means, operatively connected to the second 
MODEM unit, for controlling the second MODEM 

so unit to request the master station to re-send a 
training signal when the abnormality detecting 
means detecting an abnormality from the quality of 
a signal received at the second MODEM unit, and 
the master station comprises a retraining command 

55 means, operatively connected to the first MODEM 
unit, for commanding the first MODEM unit to send 
the training signal when the first MODEM unit re- 
ceives a signal indicating the request for re-send- 
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ing of the training signal from any one of the 
satellite stations. 

2. A communication system as set forth in claim 1 , 
wherein said master station further comprises a 
storing means for storing past record information 
concerning abnormality detection in the satellite 
stations and information on executive time of the 
retraining, obtained through the first MODEM unit, 
whereby said returning command means refers to 
the storing means upon receipt of a new request 
for retraining and, based on the past record in- 
formation on retraining, determines whether it 
should command the new retraining or not 

3. A communication system as set forth in claim 2, 
wherein said retraining command means comprises 
means for disregarding the request for retraining 
where another retraining is requested before the 
time required for a previous retraining elapses, or 
where the master station receives a plurality of 
requests for the retraining from an identical satellite 
station. 

4. A communication system as set forth in claim 3, 
wherein said abnormality detecting means com- 
prises a monitor for monitoring presence or ab- 
sence of abnormality in the down line and a control 
means, responsive to an output signal indicating 
the presence of abnormality, for controlling the 
second MODEM unit to request the master station 
to re-send the training signal. 

5. A communication system as set forth in claim 1, 
wherein 

said first MODEM unit comprises a first main mod- 
ulation unit for transmitting user data at a relatively 
high speed by means of a main channel of the 
down line, a first sub-modulation unit for transmit- 
ting various control information at a relatively iow 
speed by means of a sub-channel of the down line, 
a first main demodulation unit for demodulating 
user data from a modulation signal received in a 
main channel of the up line, and a first sub-de- 
modulation unit for demodulating various control 
information from a modulation signal received in a 
sub-channel of the up line, and 
said second MODEM unit comprises a second 
main demodulation unit for demodulating user data 
from a modulation signal received in the main 
channel of the down line, a second sub-demodula- 
tion unit for demodulating various control informa- 
tion from a modulation signal received in the sub- 
channel of the down line, a second main modula- 
tion unit for transmitting user data at a relatively 
high speed by means of the main channel of the 
up fine, and a second sub-modulation unit for trans- 
mitting various control information at a relatively 
iow speed by means of the sub-channel of the up 
line. 

6. A communication system in which a plurality of 
multipoint connected satellite stations are connect- 



ed via a down line and an up line to a master 
station, 

the master station comprising a first main modula- 
tion unit for modulating user data to transmit the 

s modulated data at a relatively high speed by 
means of a main channel of the down line, a first 
sub-modulation unit for modulating various control 
Information to transmit the modulated data at a 
relatively low speed by means of a sub-channel of 

to the down line, a first main demodulation unit for 
demodulating user data from a modulation signal 
received in a main channel of the up line, and a 
first sub-demodulation unit for demodulating var- 
ious control information from a modulation signal 

75 received in a sub-channel of the up line, and 

each of the satellite stations comprising a second 
main demodulation unit for demodulating user data 
from a modulation signal received in the main 
channel of the down line, a second sub-demodula- 

20 tion unit for demodulating various control informa- 
tion from a modulation signal received in the sub- 
channel of the down line, a second main modula- 
tion unit for modulating user data to transmit the 
modulated data at a relatively high speed by 

25 means of the main channel of the up tine, and a 
second sub-modulation unit for modulating various 
control information to transmit the modulated data 
at a relatively low speed by means of the sub- 
channel of the up line, wherein 

30 each satellite station comprises an abnormality de- 
tecting means, operatively connected to the second 
main demodulation unit, for controlling the second 
sub-modulation unit to request the master station to 
re-send a training signal when the abnormality de- 

35 tecting means detects an abnormality from the 
quality of a signal received at the second main 
demodulation unit, and 

the master station comprises a storing means for 
storing past record information concerning abnor- 

40 mality detection in the satellite stations and in- 
formation on execution time of the retraining, ob- 
tained through the first sub-demodulation unit, and 
a retraining command means, operatively connect- 
ed to the first sub-demodulation unit, for referring 

45 to the storing means and commanding the first 
main modulation unit to send the training signal 
when the first sub-demodulation unit receives a 
signal indicating the request for re-sending of the 
training signal from any one of the satellite stations. 

60 7. A method of retraining a MODEM provided in 
each of a plurality of multipoint connected satellite 
stations which are connected via a down line and 
an up line to a master station including a storing 
means, the method comprising the steps of: 

65 In each of the satellite stations, monitoring pres- 
ence or absence of occurrence of abnormality in 
the down line; 

judging whether the abnormality is present or not; 
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and, 

where the abnormality is present, informing the 
master station of a content of the abnormality via 
the up line; and, 

in the master station, monitoring presence or ab- 5 
sence of an alarm indicating abnormality from each 
of the satellite stations; 
judging whether the alarm is detected or not; 
where the alarm is detected, reading past record 
information concerning abnormality detection in the 10 
satellite station concerned and information on re- 
training execution time from the storing means; 
judging whether the down line is normal or not; 
and, 

where the down line is normal, sending a training is 
signal again to the down line to retrain a MODEM 
corresponding to the satellite station concerned. 

8. A method as set forth in claim 7, further com- 
prising the step of, where the down line is ab- 
normal, analyzing the contents of abnormality to 20 
indicate the analyzed results. 

9. A method as set forth in claim 7, further com- 
prising the steps of judging whether the satellite 
station equipment concerned is normal or not and, 
where the equipment concerned is abnormal, in- 25 
dicating abnormality thereof. 
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